Background Carbohydrate intolerance is the most common metabolic complication of pregnancy. Gestational diabetes mellitus (GDM) poses numerous problems for both mother and fetus. The objective of this study was to compare the maternal and perinatal outcome between women with gestational diabetes mellitus and non-diabetic women. Study Design A case-control study with 286 cases and 292 age-matched controls was conducted for a period of 11 months (August 2007-June 2008 in Sree Avittom Thirunal Hospital, Thiruvananthapuram, India. Materials and Methods Universal screening was applied by means of glucose challenge test (GCT) using 50 g of glucose. If GCT [130 mg%, the patients were subjected to oral glucose tolerance test with 100 g of glucose. National Diabetes Data Group criteria was taken to assign patients to study group. These women were further followed up and the maternal and perinatal outcomes were assessed. Statistical Analysis Univariate analysis was done by means of t test, Odd's ratio, Chi-square test, and Fisher Exact test. P \ 0.05 was taken as significant. Results The frequency of induction of labor was significantly higher than spontaneous labor (OR = 1.84, P = 0.001). 40.1 % GDM mothers and 35.8 % of nondiabetic mothers were delivered by Cesarean section. Premature rupture of membranes (PROM) was the most common complication of labor (OR = 1.66, P = 0.04). Babies of diabetic mothers had a positive trend toward prematurity (OR = 2.3, P = 0.007). Hypoglycemia was the most common neonatal complication (OR = 11.97, P \ 0.001) and nine babies of diabetic mothers were macrosomic (OR = 5.2, P = 0.02). Conclusions Maternal morbidities and neonatal complications such as neonatal hypoglycemia, macrosomia, and prematurity were significantly higher in GDM.
Introduction
The International Diabetes Federation estimated that currently there are 100 million people with diabetes worldwide representing about 6 % of all adults [1] . Indeed, the number of people with diabetes in India is likely to double in less than 2 decades, from 39.9 million (in 2007) to 69.9 million by 2025 [2, 3] . The Indian Council of Medical Research study done in the 1970s reported a prevalence of 2.3 % in urban areas [4, 5] which has risen to 12-19 % in 2000s. These numbers also include gestational diabetes mellitus (GDM) and should alert the physicians to direct special attention to this population, especially in developing countries like India.
Babies born to mothers with GDM are at increased risk of complications, primarily growth abnormalities and chemical imbalances such as hypoglycemia [6, 7] . GDM is a reversible condition and women who have adequate control of glucose levels can effectively decrease the associated risks and give birth to healthy babies. Through improved understanding of pathophysiology of diabetes in pregnancy, as well as implementation of care programs emphasizing normalization of maternal glucose levels, fetal and neonatal mortality have been reduced from *65 % before the discovery of insulin to 2-5 % at the present time. If optimal care is delivered to the diabetic mother, the perinatal mortality rate, excluding major congenital anomalies, is nearly equivalent to that observed in normal pregnancy.
As opposed to GDM, there are studies which confirm poorer maternal and fetal outcome like abortions and congenital anomalies in pre-gestational diabetes mellitus (PGDM) [8, 9] . Moreover, there are no studies on the outcome of GDM mothers conducted in Kerala. Studies of such nature will be a useful tool to know and compare the severity of outcomes, planning, and allocation of resources in the management of GDM mothers in developing countries like India. In this background, the present study was conducted to determine the outcome of GDM in a tertiary care hospital in Kerala.
Materials and Methods
This case-control study was carried out at Sri Avittom Thirunal Hospital, Government Medical College, Thiruvananthapuram, Kerala, South India, from August 2007 to June 2008. This is a tertiary care hospital and its maternity service is a referral centre in the care of high risk pregnant women throughout the district. For an alpha error of 5 %, for a power of 80 %, assuming the prevalence of GDM in India as 16.55 % [10] and odds ratio of 2, minimum sample size was estimated to be 215, each for cases and controls.
Selection Criteria for Study Group
The study group included women who developed carbohydrate intolerance of varying severity with onset or first detection in present pregnancy. The antenatal women were monitored with glucose challenge test (GCT) at 24-28 and 32-34 weeks, or whenever any risk factor developed during pregnancy. They were given a 50 g GCT, and if the plasma glucose value exceeded 130 mg/dl, a 100 g oral glucose tolerance test (OGTT) was performed after overnight fasting. For the purpose of this study, GDM cases were selected based on American Diabetes Association (ADA) National Diabetes Data Group (NDDG) revised criteria of O'Sullivan and Mahan criteria [11] .
Exclusion Criteria
Women with a diagnosis of diabetes before pregnancy, twin pregnancy, pre-existing hypertension, autoimmune conditions such as systemic lupus erythematosus, and other chronic conditions such as chronic renal failure, congestive heart failure, and active tuberculosis were excluded.
Control Group
Pregnant women who had a normal GCT with 50 g of glucose at 24-28 weeks, followed by a normal OGTT with 100 g of glucose. Next normal case of the same age, after a study case, was taken as a control.
After the diagnosis of GDM was made, patients were prescribed a diabetic diet depending on their body mass index (BMI). After 2 weeks on the diet, the glycemic profile measuring the venous glucose level was performed in the fasting state and also 2 h after each main meal. If the fasting glucose concentration was B95 mg/dl, and 2 h after each meal B120 mg/dl, dietary recommendation was considered adequate. If these values were exceeded, provided there was good compliance by the patient to her diet, the patient was admitted and started on insulin treatment [12] . Insulin was started at the lowest dose and titrated according to the blood sugar levels. Oral hypoglycemic agent like metformin was not used for optimal glycemic control as their safety in pregnancy was not established.
Antenatal fetal surveillance was initiated depending on the severity of carbohydrate intolerance. Vaginal delivery was encouraged in all cases. Cesarean section was done for obstetric indications. The pregnancy outcome was assessed as regards to (a) maternal factors such as spontaneous/ induced deliveries, vaginal/cesarean section, and premature rupture of membranes (PROM); and (b) fetal factors such as macrosomia, congenital anomalies, sepsis, respiratory distress, hypoglycemia, and prematurity. Macrosomia was defined as birth weight C4,000 g; neonatal hypoglycemia was defined as a blood glucose value \44 mg/dl during the first 48 h of life.
As appropriate, Student's t test was used to compare groups for continuous variables, while Chi-square test or Fishers' exact test was used to compare proportions. Odd's ratio was calculated and all the computations were done by computer software, statistical package for social sciences (SPSS) version 10. Data obtained were compared in percentages and means. P \ 0.05 was considered as statistically significant.
Results
During the study period from August 2007 to June 2008, a total number of 338 cases of diabetes complicating pregnancy were selected. Of these patients selected, 46 were excluded in accordance to the exclusion criteria. The remaining 292 patients were included in our study as cases and compared with 294 age-matched controls. 6 patients in the study group and 2 patients in the control group were lost to follow-up. Thus, in total there were 286 cases and 292 controls available for follow-up (Fig. 1) . The mean age of cases was 26.63 ± 4.547 years and the mean age of controls was 26.43 ± 4.412 years. The t test showed no significant difference between the two (t = -0.4: df = 298; P = 0.7).
Majority of them were housewives ([95 %) and led a sedentary lifestyle (v 2 = 8.12, P = 0.02). In this study, the association between pre-eclampsia and GDM was found to be significant (29.3 vs. 18.7 %, P = 0.002).
58.7 % of the study group had induced labor as against 43.6 % of the control group (OR = 1.84, P = 0.001). Hence, induced labors were more in the study group, while spontaneous deliveries were more in the control group. 40.1 % of the study group had a cesarean section as compared to 35.8 % of the control group. Although not significant in this study, this shows a trend toward a higher incidence of cesarean section in patients with diabetes complicating pregnancy (Table 1) .
Maternal complications like PROM and indications of cesarean section like cephalopelvic disproportion, fetal distress, and meconium were compared. It was observed that PROM was the most common complication and was found to be significant (OR = 1.66, P = 0.04). However, fetal distress was in same proportion, while meconium staining was observed to be more in non-diabetics (4.1 % cases vs. 8.1 % controls) ( Table 1) .
There were nine macrosomic babies ([4 kg) in the study group, while 2 in the control group. Higher incidence of macrosomia was seen in the cases (P = 0.02). 6.1 % of cases and 3.4 % of controls delivered babies with some congenital anomalies. Neonatal complications like prematurity, sepsis, respiratory distress, and hypoglycemia were studied. It was observed that there was a positive tend toward prematurity in neonates of diabetic mothers (OR = 11.97, P = 0.061) and the incidence of hypoglycemia in the newborn was found to be higher in the neonates of GDM mothers (7.5 vs. 0.7 %), which was statistically highly significant (P \ 0.001). However, respiratory distress was almost the same in the two groups. 27.9 % babies of GDM mothers had perinatal morbidity as against 21.5 % of babies of non-GDM mothers (Table 2) .
Discussion
Very few studies are available from India assessing the outcome of GDM [8, 9] . Our study conducted in a district government tertiary care hospital highlights the importance of taking proper antenatal care in the case of GDM mothers to prevent perinatal morbidity and mortality both for the mother and child, especially in an area where the prevalence of gestational diabetes is relatively very high. GDM cases were found to be more among housewives who led a sedentary life style (95.3 %) with a predisposition to higher BMI.
Maternal Outcome
Pre-eclampsia was significantly associated with GDM in our study. Overall, observational studies have shown mixed results and are inconclusive as to whether women with GDM have a higher risk for pre-eclampsia than women without GDM [13, 14] . Recent data from untreated women with GDM reveal a rate of pre-eclampsia (about 9 %) that is similar to that of treated women and women without GDM [15, 16] .
It was observed that GDM mothers had increased frequency of induced deliveries as compared to spontaneous deliveries. There was an increased incidence of cesarean section in GDM patients (40.1 % of diabetic pregnancies vs. 35.8 % of non-diabetic pregnancies). In order to balance the increased risk of antepartum stillbirths and delayed lung maturity in diabetic pregnancies, there was a trend to induce such women at 38 weeks unless they went into spontaneous labor. According to a recent study in 2007, the rate of cesarean sections and inductions of labor were increased in the GDM mothers [17] . This was also in agreement to other similar studies [13, 18] .
Of the maternal complications, 15.6 % had PROM with others showing a lower incidence, and this was statistically significant in the GDM group. If diabetes is well controlled, the chances of maternal morbidity is low. A study in 2006 concluded that women with GDM who were diagnosed and treated following treatment guidelines demonstrated no severe maternal and neonatal complications [19] . LSCS lower segment cesarean section, PROM premature rupture of membranes * P \ 0.05 is considered as significant
Fetal Outcome
The incidence of macrosomia in GDM mothers was 3.4 %, while 0.7 % in non-diabetic mothers, which was statistically significant. Previous studies revealed that macrosomic babies were associated with history of prior GDM pregnancy and pre-pregnancy BMI C25. [20, 21] A study diagnosed shoulder dystocia in 3 % of women with class A1 diabetes. Fortunately, shoulder dystocia was uncommon even in women with GDM. Of the total deliveries, 11.6 % of cases delivered premature babies while 5.4 % of the babies of control group were preterm, which was statistically significant (P = 0.007). Owing to the increased liquor which has been reported as an important association in our study as well, there was higher chance of the GDM mothers to go into preterm labor and prematurity.
Among the babies delivered, the incidence of in-born nursery (IBN) admission for babies of GDM mothers was more for various reasons like sepsis (7.5 %), hypoglycemia (7.5 %), prematurity (11.6 %), respiratory distress (8.8 %), and congenital anomalies (6.4 %).
One of the complications observed was hypoglycemia, which was also found to be statistically significant. A study reported that 4 % of infants of women with GDM required intravenous glucose therapy for hypoglycemia [22] . Another study concluded from the cross-sectional study of 162 gestational diabetes women that the most common neonatal complication was hypoglycemia (n = 111, 68.5 %) and macrosomia was found in 29 cases (17.9 %) [19] . The perinatal mortality between the two groups was not significantly different. The likelihood of fetal death with appropriately treated GDM has been found no different than in the general population [12] .
This study provides valuable information with regards to outcome of GDM from a district hospital in this region, which could help with possible intervention regarding maternal and newborn health in the future. The problem of recall bias was considered to be minimal since the study was designed as a follow-up study. This government hospital-based case-control study, which caters to women from lower and middle socio-economic class for antenatal care may involve selection bias to a certain extent. However, the possibility of selection bias may be more in private hospitals where women from affluent urban population come for delivery. Study population was relatively small for the estimation of risk of congenital anomalies in babies of diabetic mothers. The use of oral hypoglycemic agents, like metformin, for the optimal glycemic control during pregnancy was not recommended during the study period. Hence, this study is unable to comment upon the added advantage of their usage in the outcome of GDM. In spite of these constraints, the study provides interesting information which can be helpful in planning maternal and child health services at a district level. In conclusion, as compared to non-diabetics, gestational diabetics have higher maternal and neonatal complications. With the availability of early prenatal detection and good antenatal care provided to these patients, one can expect to bring a perceptible improvement in the outcome of these pregnancies. The observation and quantification of maternal outcomes with GDM are necessary so that appropriate measures can be taken to reduce complications during pregnancy, delivery, and the neonatal period.
